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摘  要 
i 
 





光谱 (CD)、电喷雾质谱 (ESI-MS) 以及量子化学理论计算等分析手段对它们的立
体结构进行了系统的研究。 
本论文通过 L-型氨基酸与 PCl3 反应可以获得一对双氨基酸五配位氢膦烷的
非对映异构体，与之类似，D-型氨基酸与 PCl3 反应可以获得另外一对双氨基酸五
配位氢膦烷的非对映异构体。这些非对映异构体都可以利用非手性 HPLC 进行有
效的分离 (纯度大于 99.5 %)。固体 CD 光谱证明它们双双成对映异构体的关系，
在非手性 HPLC 中有相同的保留时间及相似的波谱数据。 
1H-1H COSY 实验发现其中一类双氨基酸五配位氢膦烷中氨基酸侧链 α-CH 
与 PH 之间具有远程相关作用，4JH-C-N-P-H 为 2.4 Hz。量子化学理论计算表明在双
氨基酸五配位氢膦烷的非对映异构体之间，P-H 键与氨基酸侧链 α-位碳原子的 
C-H 键空间伸展方向不同，进而造成了 1H-1H COSY 信号的差异，4JH-C-N-P-H 分别
为 2.5 或 0.5 Hz。 
31P NMR 和 1H NMR 跟踪测试表明该系列化合物各单一绝对构型在中性有
机溶剂 DMSO-d6 或 CDCl3 中，室温条件下，40 天内可以稳定不变。高纯度和
较好的稳定性为绝对构型研究结论的可靠性和有效性奠定了很好的基础。 
X-射线单晶衍射技术对获得晶体结构的 8 个双氨基酸五配位氢膦烷的结构
进行解析，确定该系列化合物中心磷原子属于三角双锥构型，H 原子和两个 N 原
子在平伏键上，两个 O 原子在直立键上。在此基础上，借鉴配位化合物的命名规
则，对其绝对构型进行命名，并通过固体 CD 光谱以及 1H NMR 对所有化合物
的绝对构型进行关联。 
本论文还系统的对 1JP-X (X = H, N) 进行了研究，实验测试表明：1JP-H 耦合常
数的数值在四配位磷化合物中约为 700 Hz 小于在双氨基酸五配位氢膦烷中约为 















在双氨基酸五配位氢膦烷中约为 32 Hz 的数值。利用量子化学理论计算，通过
DFT/B3LYP/6-31+G(d,p) 对化合物的几何结构进行优化，再用 DFT/B3LYP/IGLO 
III 对其进行耦合常数的计算获得了与实验测试相同的结论，研究表明在双氨基酸
五配位氢膦烷中，P-N 键具有双键的性质，从而降低了化学键中 s 轨道的比例，
进而降低了相应的 1JP-N 耦合常数数值。 
对双氨基酸五配位氢膦烷固体 CD 和溶液 CD 的测试，以及对双缬(亮)氨酸
五配位氢膦烷的 CD 光谱进行理论计算研究，确定了氨基酸侧链为饱和脂肪链的
双氨基酸五配位氢膦烷的 CD 信号受到中心手性磷原子与氨基酸侧链 α-位手性
碳原子的共同影响。由于在不同构型中两类手性原子对 CD 光谱的贡献不同，所
以在非对映异构体之间 CD 光谱的最大吸收峰位置和吸收强度都有明显的差异。 
最后，对双氨基酸五配位氢膦烷进行电喷雾多级质谱裂解规律研究发现，单



































Pentacoordinate phosphorus compounds as intermediates or transition state species 
are proposed in numerous biological processes. In this thesis, sixteen isomers of chiral 
bisamino acyl pentacoordinate spirophosphoranes derived from L- or D-amino acids 
were synthesized and separated, respectively. To investigate the stereochemistry of 
chiral bisamino acyl pentacoordinate spirophosphoranes systematically, these isomers 
were characterised by high performance liquid chromatography (HPLC), nuclear 
magnetic resonance (NMR), single crystal X-ray diffraction, circular dichroism (CD), 
electrospray ionization mass spectrometry (ESI-MS) and the theoretical calculation of 
quantum chemistry. 
First of all, two sets of diastereoisomers of chiral bisamino acyl pentacoordinate 
spirophosphoranes derived from the reactions of L- or D-amino acids and PCl3. These 
diastereoisomers could be separated by achiral HPLC with the purity of 99.5 %. The 
solid-state CD spectra of enantiomers displayed virtually mirror images of each other, 
and showed the same retention times of achiral HPLC and similar NMR spectra, 
respectively. 
The 1H-1H COSY spectra of these compounds identified an interaction between the 
P-H proton and the α-hydrogen of amino acids, thus establishing unusual coupling 
through four bonds for these species with 4JH-C-N-P-H 2.4 Hz. This phenomenon was 
confirmed by the theoretical calculation of quantum chemistry. For diastereoisomers, 
the difference of the extensional orientation of P-H and C-H bond, which result in the 
difference of the 1H-1H COSY and the coupling of 4JH-C-N-P-H was 2.5 or 0.5 Hz  
Potential epimerization of these isomers were monitored by 31P and 1H NMR at rt 
using DMSO-d6 or CDCl3 as solvents to investigated the stability of these bisamino acyl 
pentacoordinate spirophosphoranes. No epimerization was observed over a period of 
forty days. The high enantiopurity and good configurational stability of these isomers is 
essential for the following stereochemistry study. 
The absolute configurations of these chiral bisamino acyl pentacoordinate 
spirophosphoranes were proven when eight crystal structures were characterized by 
single crystal X-ray diffraction analysis. These compounds arranged in a distorted TBP 
geometry. Two nitrogen atoms and a hydrogen atom form an equator plane and two 















system for coordination compound [MX(AB)2] (AB = hetero-bidentate ligand) with a 
TBP geometry to determine the absolute configuration of the phosphorus center. And 
then the absolute configurations of all compounds were correlated with solid-state CD 
and 1H NMR spectroscopy. 
The difference of 1JP-H and 1JP-N between the bisamino acyl pentacoordinate 
spirophosphoranes P(V) and tetracoordinate phosphorus compounds P(IV) were also 
discussed. The experimental results showed that 1JP(IV)-H (~700 Hz) < 1JP(V)-H (~800 Hz); 
but 1JP(IV)-N (~41 Hz) > 1JP(V)-N (~32 Hz). After the geometry was optimized by 
DFT/B3LYP/6-31+G(d,p), DFT/B3LYP/IGLO III was used to calculate the 1JP-X, it is 
showed that the P-N bond displayed a nature of double bond which decreased the 
percent of s orbit, which resulted in the decrease of the 1JP-N value. 
Meanwhile, the solid-state and solution CD of bisamino acyl pentacoordinate 
spirophosphoranes were measured, combined with the theoretical calculations of CD 
spectra of bisvalinyl or bisleucinyl pentacoordinate spirophosphoranes. We propsed that 
for the bisamino acyl pentacoordinate spirophosphoranes, when the side-chain of amino 
acid was a saturated fatty chain, the signs of CD was controlled by both the chirality of 
phsophours atom and α-carbons of the amino acids. In addition, the electronic transition 
of these compounds were also discussed. 
Finally, the bisamino acyl pentacoordinate spirophosphoranes were investigated by 
ESI-MS. It was found that the MS/MS can not distinguish the chirality of compounds 
effectively. In tandem mass of positive ion ([M+H]+ or [M+Na]+), the side-chain of 
amino acid could stabilize the imine ion and influence the fragmentation patterns, 
especially the existence of phenyl ring side-chain. In tandem mass of negative ion 
([M-H]-) for bisphenylglycinyl pentacoordinate spirophosphoranes, the phenyl ring was 
conjugated to the spiro ring, which could stabilize the fragment ions and displayed 
different fragmentation pathways. 
In conclusion, the stereochemistry of chiral bisamino acyl pentacoordinate 
spirophosphoranes were discussed by several methods. By the theoretical calculation of 
quantum chemistry, the spectra of 1H NMR and CD was explained reasonably.  
 
 



















符号 英文全称 中文名称 
[α] Optical Rotation 旋光 
ADP Adenosine Diphosphate 二磷酸腺苷 
ATP Adenosine Triphosphate 三磷酸腺苷 
BPR Berry Pseudorotation Berry 假旋转 
cAMP 3`, 5`-Adenosine Monophosphate 环腺嘌呤单核苷酸 
CD Circular Dichroism 圆二色 
CE Cotton Effect Cotton 效应 
cGMP 3`, 5`-Guanosine Monophosphate 环鸟嘌呤单核苷酸 
CI Chemical Ionization 化学电离 
CID Cllision Induced Dissociation 碰撞诱导解离 
CMPA Chiral Mobile Phase Additives 手性流动相添加剂 
COSY Correlated Spectroscopy 相关谱 
CSP Chiral Stationary Phase 手性固定相 
δ Chemical Shift 化学位移 
d Doublet 二重峰 
DBPH Dibutyl Phosphonate 二正丁基亚磷酸酯 
dd Double of Doublet 双二重峰 
DEPH Diethyl Phosphonate 二乙基亚磷酸酯 
DFT Density Functional Theory 电子密度泛函理论 
DIPP- Diisopropylphosphoryl 二异丙氧基磷酰基 
DIPPH Diisopropyl Phosphonate 二异丙基亚磷酸酯 
DMP- Dimethylphosphoryl 二甲氧基磷酰基 
DMPH Dimethyl Phosphonate 二甲基亚磷酸酯 
DNA Deoxyribonucleic Acid 脱氧核糖核苷酸 
dt Double of Triplet 双三重峰 















ESI-MS Electrospray Ionization Mass Spectrometry 电喷雾质谱 
FAB Fast Atom Bombardment 快原子轰击 
FT-MS Fourier Transform Mass Spectrometer 傅立叶变换质量分析器
J Spin-spin Coupling Constants 耦合常数 
HPLC High Performance Liquid Chromatography 高效液相色谱 
HRMS High Resolution Mass Spectrometry 高分辨质谱 
HOMO Highest Occupied Molecular Orbital 最高占据轨道 
Ile Isoleucine 异亮氨酸 
Leu Leucine 亮氨酸 
LUMO Lowest Unoccupied Molecular Orbital 最低空轨道 
m Multiplet 多重峰 
MALDI Matrix Assisted Laser Desorption/Ionization 基质辅助激光解吸电离
NMR Nuclear Magnetic Resonance 核磁共振 
ORD Optical Rotatory Dispersion 旋光色散 
PDB Protein Data Bank 蛋白数据库 
Phe Phenylalanine 苯丙氨酸 
PhGly Phenylglycine 苯甘氨酸 
PKA Protein Kinase A 蛋白激酶 A 
PGM Phosphoglucomutase 葡萄糖磷酸变位酶 
PTKs Protein Tyrosine Kinase 酪氨酸激酶 
PTPases Protein Tyrosine Phosphatases 酪氨酸磷酸酯酶 
RNA Ribonucleic Acid 核糖核苷酸 
SP Square Pyramid 四方锥 
t Triplet 三重峰 
TBP Trigonal Bipyramid 三角双锥 
TDDFT Time Dependent Density Functional Theory 含时密度泛函理论 
TOF-MS Time of Flight Mass Spectrometry 飞行时间质谱 
TR Turnstile Rotation 转门旋转 
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